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SUMMARY
The absolute size, N, of a Dolichopoda geniculata population was estimated
both by the 'Lincoln-Petersen index and the total count on sample plot me-
thods in a natural cave in Centra'l Italy. 19 pairs of estimates, obtained over
2 years, exhibit a seasonal pabtern and a mean value of N ~ 430. Differences
between estimates obtained with the 2 methods are not significant (P > 0.8).
These results, and data from the Uterature enable most of the major factors
infuencing the two types of estimates to be identified .. Respective cases where
methods may be preferably applied are suggested.
INTRODUCTION
It has often been stressed that cave environments are ideal
for certain areas of ecological research because of several
intrinstic characteristics such as stability of abiotic factors,
community simplicity and small populations (Poulson and
White, 1969; Sbordoni, 1982; Howarth, 1983). Several resear-
ches have, in fact, studied ecology, genetics and evolution using
cave populations. In many of these studieds, one of the fun-
damentally important parameters is absolute population size,
N (Culver, 1982; Sbordoni, 1982).
Estimating N for cave-dwelling populations, has been the sub-
ject of several works over recent years. Today, by far the most
widespread is the simple Lincoln-Petersen mark-recapture me-
thod (Mitchell, 1970a and 1970b; Peck, 1975; Keith, 1975; Cooper,
1975; Delay, 1975; Mitchell, Russel & Elliot, 1977; Alvarez et aI.,
1981; Van Luik, 1981), some of the presuppositions of which
seem more likely to be true for caves than for other environ-
ments. Other, less commonly used methods are: multiple mar-
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king (Hobbs, 1981) and actual count over a whole area (Bouvet
et aI., 1972).
Unfortunately, however, the true effectiveness of the methods
used and their respective robustness to deviations from theo-
retical assumptions cannot be evaluated or deduced from the li-
terature. Only two papers (Mitchell, 197Gb; Delay, 1975) gave
estimates for N obtained by separate and unrelated methods,
and of the three populations sampled, only one provided values
of N (obtained by two meth'Ods) that were in good agreement.
This paper reports on the congruence between estimates for
N in a population of the cave cricket Dolichopoda geniculata
(Costa) carried out over two years of observations.
The particular morphology of the cave selected for this study
at Valmarino, Italy, enables both the Lincoln-Petersen and the
plot density methods to be applied in optimal conditions.
MATERIALS AND METHODS
The study cave
The Valmarino cave is of natural ongm, situated in Central
Italy (Municipality of Monte San Biagio, Latina Province)
is 15 m a.s.I. and 2 km from the coast. Of average size (124 m
long), it extends horizontally with flat floor, walls and ceiling
which are poor in speleothems and other formations, owing to
its particular sand lithology. Hence census-taking was facilita-
ted by the internal form of the cave. Absence of fissures
in the rock and the xerothermic climate of the surrounding
area make it difficult for the eutroglophilic fauna t'O disperse
from the cave. A detailed description of the cave and its com-
munity are to be found in: Carchini et aI., (1982).
The study population
Dolichopoda are cave-dwelling crickets distributed throughout
the Mediterranean Basin. Like other temperate Raphidophori-
dae, the may be considered as relicts of interglacial fauna from
forest environments (Vandel, 19641. D. geniculata is to be found
in central and southern parts of Italy and is constantly and
abundantly present in cave communities. Natural cave popula-
tions have been found to be more strictly troglophilic than those
colonizing man-made caves (Rampini et aI., 1981).
The species has 6 preimaginal ins tars lasting for an approx.
total of 1 year and an imago lifespan or about 6 months (Var-
ricchio, 1935; Capolongo, 1966). All ages of D. geniculata are
to be found in the Valmarino cave at all times and range in
body size from 4.5 to 25 mm. Furthermore, the D. geniculata
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populatlOn was seen to be distributed throughout the cave the
year round.
Density plot estimate
The cave was mapped out by the traverse method using a
measuring tape and transit compass. The internal surface area
of the cave was estimated by measuring sequential cross sec-
tions no more than 2 meters high marked out along traverse
sides. The measurements obatined were: floor surface area, 464
m2; wall and ceiling surface area, 1244 m2.
Inside the cave, counting plots of known area were establi-
shed. After the first year of count, the area of counting plots
was increased. During the first year, 341 m2 were kep t under
observation; in the second year, 623 m2• All counting plots were
located on walls and ceiling, because D. geniculata is rarely to
be found on the floor at Valmarino cave. Calculations did not
include floor area but assumed wall and ceiling surfaces as the
only ones occupied. In the first year, this provided a ratio of
observed surface/total surface, p, of 0.2741 and, in the second
year, of 0.5008.
Cricket counting was performed (prior to capture for mar-
king) by3 observers, who walked one way, from cave entrance
to cave end, while a fourth person noted count results. Counting
lasted no more than 60 minutes. According to the Seber (1973)
method, population size was calculated N! = No/p and its va-
riance by V INd = N! q/p, were No = number of crickets found
in sampling area and q = I-p; confidence limits at 95% proba-
bility were calculated by Nl = 1.96c;
Mark-recapture estimate.
Crickets to be marked were captured wherever found in the
cave and enclosed, 10-20 at a time, in polythene bags. After
capturing was completed, a small drop of paint in volatile sol-
vent was painted on each individual, one at a time, on the pro-
thorax. The very few crickets damaged by capture or marking
were removed, the others were released after having waited a
few seconds for the paint to dry.
Recapture was undertaken 48 hours later, using the same
technique. Individuals were checked one by one for markings.
Laboratory tests had shown that the survival rates of marked
crickets are no lower than those for unmarked controls. As
long as 5 months after marking, somes adult marked were seen
in the cave to be engaged in normal activities, including mating.
Population size N2 was calculated using the Bailey (1951) mo-
dification of the Lincoln-Petersen Index, Le. N2 = M (T+ 1)/
(R+ 1) were M = number of marked individuals, T = number
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of individuals caught the second day, R = number of marked
the first day and recaptured on the second. To calculate 95%
probability confidence limits, distribution of N2 was considered
to be normal because RIM and RIT being greater than 0.1 on
all occasions (Seber, 1973) and then the Bailey (1951) algorithm
was used.
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Fig. 1 . N vs. 'time. Solid circles, Lincoln.Petersen estimates of N; open circles,
density plot estimates of N.
RESULTS
All estimates of N refer to total population, regardless of age.
During the two years of this investigation, 19 estimates were
made using both methods. Results are reported in table 1. The
95% Confidence ranges overlap 17 times out of 19. Both methods
exhibit substantial variations with time (Fig. 1). Nonetheless,
plot density estimates, clearly exhibit a seasonal trend with mi-
nima in spring and maxima in autumn, whereas estimates using
the mark-release method exhibit more erratic oscillations. Hen-
ce of the two methods, the plot density estimates seem more sui-
table, as was to be expected in view of the large proportion of
the cave surface inspected for counting.
Significance of the differences observed between plot density
and mark-recapture values was checked using the nonparame-
Tab. 1 _ Mark-recapture and plot density estimates. No, number of individuals counted within sample plots;
N1, Lincoln-Petersen estimates of N; N2, plot density estimates of N; M, T, R, P, see text.
DATE M T R Nl 95% C.L. No P N2 95% C.L.
26.05.73 73 71 10 478 727/229 145 0.2741 529 602/456
027.09.73 88 78 15 434 619/250 214 0.2741 781 270/692 M
Z28.10.73 69 113 22 342 464/220 166 0.2741 606 684/528 (/):c::
05.12.73 76 99 21 345 470/221 102 0.2741 372 433/311 rnM
15.01.74 81 102 14 556 808/304 104 0.2741 379 4411317 rn
05.02.74 133 112 48 307 3711243 109 0.2741 398 462/334 0'"':l
07.03.74 85 172 26 545 730/360 95 0.2741 347 406/288 0:;..
08.04.74 82 72 13 428 622/233 54 0.2741 197 245/149 <:
M27.04.74 82 103 24 341 455/227 76 0.2741 277 330/224
ti
30.05.74 96 84 25 314 412/215 212 0.5008 423 489/357 ~
M27.06.74 101 126 38 329 414/244 182 0.5008 363 424/302 t"'
t"'
22.07.74 87 108 27 339 445/232 253 0.5008 505 577/433 HZ
29.08.74 90 91 20 394 539/250 188 0.5008 375 437/313 0
01.10.74 108 464 598/329 248 0.5008 495 566/424 0145 33 iO
H
18.11.74 102 115 16 696 993/399 241 0.5008 481 5511411 0;t:i
17.12.74 146 121 41 424 527/321 290 0.5008 579 656/502 M>-3
14.01.75 132 165 48 447 5511343 246 0.5008 491 562/420 (/):
27.02.75 133 122 35 454 578/331 178 0.5008 355 415/295
08.04.75 129 156 41 482 606/359 155 0.5008 309 365/253
mean 427.3 434.6
standard deviation 99.05 133.8 ww.
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tric two-tailed Wilcoxon test and a two-tailed «t" test. Both
tests are suitable for deviations from the normal (Salvi &
Chiandotto, 1978), expected in distribution of N because of ob-
served seasonality. The first test gives P " 0.1; the second test gi-
ves P > 0.8. Consequently, the null hypothesis that Nt = Nz is to
be considered as highly probable.
From the results presented, it may be concluded that the po-
pulation of D. geniculata in the Valmarino cave was estimated
well by with both methods used.
DISCUSSION
Using the Lincoln-Petersen method and quadrat sampling,
Mitchell (1970b) estimated N for populations of Niptus abstru-
sus (Coleoptera: Ptinidae) and Dermestes carnivorous (Coleo-
ptera: Dermestidae). With the first method, N for the N. abstru-
sus was found to be 14 times lower than the second method va-
lue. Of the two methods, Mitchell considered quadrat sampling
to be more reliable, attributing error in the Lincoln-Petersen
method to the low detectability of N. abstrusus which is 3-4 mm
long. This, presumably, could have led to marked individuals
be'ing more likely to be recaptured than unmarked ones,
thereby giving an under-estimate for N. This error would seem
to be less substantial for D. carnivorous, which is 6-10 mm long,
for which estimates of N using the two methods are really very
similar.
Delay (1975) estimated N for a population of Speonomus Lon-
gicornis (Coleoptera: Catopidae) with the Lincoln-Petersen me-
thod plus the counting of all individuals within the cave at one
specific time. His estimated values of N according to the Lin-
coln-Petersen method are 13-97 times higher than those obtained
by total capture. The author concluded that the population esti-
mated with the Lincoln-Petersen method ranged over a greater
subterranean habitat than that of the cave accessible to man
l'tnd could not, therefore, truly coincide with the total number
of beetles contained therein. The small size of the beetle (ap-
prox. 3 mm) and long interval between marking and recaptu-
ring (between 14 and 200 days) could have enabled marked in-
dividuals to emigrate from the cave and into the developping
network of cracks in the limestone body.
Keith (1975) estimated the density per square metre of Pseu-
danophtalmus tenuis (Coleoptera: Carabidae) using the Lincoln
-Petersen method and counts within plots. The first method pro-
vided results from 1.9 to 14.2 times greater than the second.
The author did not discuss the differences observed in terms
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of method reliability but considered both values to be valid and
attributed them to a different distribution of individuals in re-
lation to foraging patterns. It is, however, interesting to note
that density estimates conducted within an area which is 6-8%
the size of the entire surface, do not provide good estimates of
N. Furthermore, the small size of the species (approx. 5 mm
long) and its tendency to hide in cracks and under stones may
have contributed to underestimating N by counting method.
Comparing the foregoing data with our results, the agreement
in values for N for D. geniculata estimated by the two methods
may possibly be due to the following factors: a) actual confi-
nement within the cave of the study population; b) relatively de-
tectability of marked and unmarked individuals; c) negligible
births, deaths and molts between marking and recapture; d)
sufficient mobility of the insects to enable random remixing of
marked individuals with unmarked ones within a short period
of time; e) count surfaces that are proportionally extensive and
lack potential hiding places; f) accuracy in calculating cave
surface areas.
Factors a), b), e) and f) influence density estimate whereas
factors a), b), c) and d) affects accuracy of the mark-recapture
method.
To conclude, it may be observed that:
1) Density estimate method accuraccy is, to a great extent, ondi-
tioned by cave morphology and, to a lesser extent, by the bio-
logical features of the species studied. Non-optimal experimen-
tal conditions lead to estimates that are not very imprecise.
This method seems capable of giving the order of magnitude
of N but precise estimation calls for considerable work in the
field. This type of method does, in fact, seem more suitable to
studies of artificial cave or guanophiles where definite quanti-
ties of guano can be found.
2) Mark-recapture results, on the other hand, appear to be in-
fluenced essentially by the species being investigated. Non-opti-
mal experimental conditions may lead to largely imprecise
estimates. These methods are, however, capable of producing
estimates of N with a minor amount of field work and can be
much more widely used in natural and man-made caves as long
as the phenological and behavioral characteristics of the study
species are known and appropriate for this form of census.
From this point of view, Dolichopoda and other cave crickets
seem to constitute highly suitable material for this type of in-
vestigation.
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